Abstract. The H.E.S.S. Cherenkov telescope array, located on the southern hemisphere in Namibia, studies very high energy (VHE; E > 100 GeV) γ-ray emission from astrophysical objects. During its successful operations since 2002 more than 80 galactic and extra-galactic γ-ray sources have been discovered. H.E.S.S. devotes over 400 hours of observation time per year to the observation of extra-galactic sources resulting in the discovery of several new sources, mostly AGNs, and in exciting physics results e.g. the discovery of very rapid variability during extreme flux outbursts of PKS 2155-304, stringent limits on the density of the extragalactic background light (EBL) in the near-infrared derived from the energy spectra of distant sources, or the discovery of short-term variability in the VHE emission from the radio galaxy M 87. With the recent launch of the Fermi satellite in 2008 new insights into the physics of AGNs at GeV energies emerged, leading to the discovery of several new extragalactic VHE sources. Multi-wavelength observations prove to be a powerful tool to investigate the production mechanism for VHE emission in AGNs. Here, new results from H.E.S.S. observations of extragalactic sources will be presented and their implications for the physics of these sources will be discussed.
Introduction
Very high energy (VHE; E > 100 GeV) γ-ray astrophysics of the extragalactic sky is highly dynamic field. Since the detection of the first source in 1992 (Mkn 421 by Whipple; [1] ) the number of sources has been growing continuously to more than 45 known sources at the beginning of 2011 (see Fig. 1 
left).
The detected source population is still dominated by active galactic nuclei (AGN), but recently starburst galaxies have also been established as extragalactic VHE emitters [2, 3] .
The key science questions in the field are (still) investigating the origin and physics mechanism responsible for the VHE emission in AGNs and thereby probe the conditions of particle acceleration and cooling in relativistic plasma outflows and in the vicinity of super-massive black holes (SMBH). One of the most striking observational result of the recent years was the discovery of rapid variability with minute time-scales [4, 5] , which has not yet fully been integrated in the theories. Such short variability time-scales strongly impact the canonical modeling of the VHE emission in synchtrotron-self-Compton (SSC) frameworks, requiring large bulk Lorentz factors of the emission region (Γ > 50) [6] . In addition, new source classes have been established as VHE emitters e.g. radio galaxies (M 87, Centaurus A), lowand medium-frequency peaked BL Lac objects, etc. With the launch of the Fermi satellite in 2008, a wealth of new information on the extragalactic sky in the 100 MeV to 100 GeV energy regime became available, strongly influencing the science programs in the VHE domain.
The multi-wavelength (MWL) aspect, in general, plays a crucial role in investigating VHE emission from AGN: The limited angular resolution of VHE instruments usually does not allow for a precise 
Left:
Cumulative number of extragalactic VHE sources from TeVCat (http://tevcat.uchicago.edu/). Right: Typical time allocation for different observing programs in H.E.S.S. EEGO: Extended extragalactic objects; AGN: Active galactic nuclei; AP: Astroparticle; AAC: Analysis and calibration; SNRPP: Supernova remnants, pulsars, and plerions. The total observing time per year is of the order of 1000 h. spatial determination of the origin of the emission in extragalactic objects. Investigating the MWL behavior e.g. by searching for correlations with high resolution radio observations allows one to probe spatial scales down to a few hundred Schwarzschild radii of the SMBH [7] . New insights into the structure of the magnetic fields in AGN jets also come from polarimetric observations in the optical and radio.
Extragalactic VHE sources are also successfully used to study the meta-galactic radiation and magnetic fields (e.g. [8, 9, 10] ). In such studies, the extragalactic VHE sources are used as lighthouses, whose emission gets altered by the intervening fields. For example, in case of the extragalactic background light (EBL), an attenuation of the VHE photons from pair-production with the low energy photons from the EBL is expected. With assumptions about the intrinsic spectrum emitted at the source constraints on the intervening fields can be derived (e.g. [8, 9] ).
H.E.S.S. status & extragalactic program
The High Energy Stereoscopic System (H.E.S.S.) is an array of four Imaging Atmospheric Cherenkov Telescopes (IACT) for the detection of very high energy (VHE; E > 100 GeV) γ-ray emission from astrophysical objects [11] . H.E.S.S. is located on the southern hemisphere in Namibia (23 • 16 18 S, 16 • 30 00 E) at an altitude of 1800 m. It detects the Cherenkov light emitted by extensive air showers initiated by γ-rays or charged cosmic rays entering the Earth's atmosphere using ultra-fast photomultiplier cameras with 968 pixels located in the focal plane of 13 m optical telescopes (tessellated mirror). The array is sensitive to γ-rays in the energy range from ∼100 GeV to ∼100 TeV with a typical energy resolution of 15%. H.E.S.S. has been in operation since 2002, the full four telescope array since 2004. During its 9 years of operations H.E.S.S. observations led to the discovery of over 80 new VHE sources and significant contribution to the field of VHE astrophysics and beyond.
In 2010/11 the mirrors of the H.E.S.S. telescopes are being re-coated to lower the energy threshold back to the original value of ∼ 100 GeV 1 . At the same time, construction of the next extension of Figure 2 . H.E.S.S. site in January 2011. In the center of the image the dish support structure of the H.E.S.S. II telescope is visible, at the left and right edge two of the four H.E.S.S. I telescopes can be seen (Image credit: Julien Bolmont).
H.E.S.S., a very large (25 m) single telescope in the center of the array, is under way with first light expected in 2012 (see Fig. 2 ).
Observing the extragalactic sky is one of the key science topics in H.E.S.S. Fig. 1 right shows the typical distribution of the H.E.S.S. observation time for one season (here 2011) on the different science groups, with the extragalactic topics taking about 50% of the total time of ∼1000 h. The extragalactic science in H.E.S.S. is divided into two sub-topics: (1) physics related to active galactic nuclei (AGN) and (2) extended extragalactic objects (EEGO), which includes galaxy clusters and starburst galaxies. The extragalactic program includes discovery observations, monitoring of known sources, multi wavelength campaigns (MWL), and deep studies of individual sources. In addition, extragalactic source are also used to study the intervening photon fields, mainly the extragalactic background light (EBL), and magnetic fields.
In the following, selected highlights from the past 2 years of H.E.S.S. observations of the extragalactic sky are presented.
3. HESS J1943+213: a candidate extreme BL Lac object HESS J1943+213 is a new point-like source detected at a significance level of 7.9σ (post-trials) in the H.E.S.S. galactic plane survey. Details on the detection are reported in [12] . HESS J1943+213 is located at RA(J2000) = 19 h 43 m 55 s ± 1 s stat ± 1 s sys , DEC(J2000) = +21 • 18 8 ± 17 stat ± 20 sys . The source has a soft spectrum with photon index Γ = 3.1 ± 0.3 stat ± 0.2 sys and a flux above 470 GeV of (1.3 ± 0.2 stat ± 0.3 sys ) × 10 −12 cm −2 s −1 . This source coincides with an unidentified hard X-ray source IGR J19443+2117, which was proposed to have radio and infrared counterparts. There is no Fermi/LAT counterpart down to a flux limit of 6 × 10 −9 cm −2 s −1 in the 0.1-100 GeV energy range (95% confidence upper limit calculated for an assumed power-law model with a photon index Γ = 2.0). The data from radio to VHE gamma-rays do not show any significant variability.
The new H.E.S.S., Fermi/LAT, and Nançay Radio Telescope observations were combined with preexisting non-simultaneous multi-wavelength observations of IGR J19443+2117 to investigate the likely source associations as well as the interpretation as an active galactic nucleus, a gamma-ray binary or a pulsar wind nebula (see Fig. 3 ). The lack of a massive stellar counterpart disfavors the binary hypothesis, while the soft VHE spectrum would be very unusual in case of a pulsar wind nebula. In addition, the distance estimates for Galactic counterparts places them outside of the Milky Way. All available observations favor an interpretation of HESS J1943+213 as an extreme, high-frequency peaked BL Lac object with a redshift z > 0.14, which would make it the first extragalactic source discovered energy threshold. This is being accounted for in the analysis by evaluating the optical throughput of the system from the ring images of individual muons. strongly obscured by circumstellar material, as found in several high-mass X-ray binaries detected by INTEGRAL, appears unlikely as the X-ray derived N H column density (see Sect. 3.2) is smaller than what is typically found in these systems (e.g.
Rahoui et al. 2008).
Despite the general similarity of the radio to X-ray SED between HESS J1943+213 and known binaries, the lack of a plausible massive stellar counterpart in the optical/IR is the main argument which disfavors the binary hypothesis. The secondary argument against the binary hypothesis is the lack of orbital modulation in any of the bands.
Pulsar wind nebula
When the wind ejected from a rotation-powered pulsar is confined by the pressure of the surrounding medium (supernova remnant or compressed interstellar gas), a PWN is created. PWNe constitute an abundant class of VHE Galactic sources detected by Cherenkov telescopes. Among them a number are unresolved (e.g., Aharonian In general, the SED of PWNe consists of a broad synchrotron component extending up to high X-ray energies (∼MeV) and an inverse Compton component at HE and VHE energies (Gaensler & Slane 2006) . If HESS J1943+213 is a PWN, its gamma-ray (1-30 TeV) to X-ray (2-10 keV) flux ratio of 0.04 implies that the nebula is very young ∼10 3 yr, and that it contains a pulsar with a spindown powerĖ ∼ 10 38 erg s −1 (Mattana et al. 2009 ). The highĖ is also supported by the X-ray photon index (Γ X 2) (Gotthelf 2003).
The estimated PWN age andĖ is similar to the Crab Nebula. Assuming that the luminosity of HESS J1943+213 is comparable to the Crab Nebula, we are able to estimate an approximate upper limit on the source distance. The low VHE flux of HESS J1943+213 being only 1.5% of the Crab Nebula (at 2 kpc; Trimble 1973) flux, implies a distance of 16 kpc. A comparison with the remaining unresolved PWNe, which are also young but less luminous (10-15% of the Crab Nebula luminosity), would place HESS J1943+213 at a moderate distance of about 6 kpc.
The young age of HESS J1943+213 in the PWN scenario is consistent with it being unresolved for H.E.S. 
1ES 0414+009
The BL Lac object 1ES 0414+009 is located a redshift of z = 0.287 and harbors a super-massive black hole of mass 2 × 10 9 M . It has been identified as a high-frequency-peaked BL Lac (HBL) object with the synchrotron-emission peak located in the UV/soft-X-ray range.
H.E.S.S. observation of 1ES 0414+009 have been performed between 2005 and 2009 for a total of 73.7 hours, resulting in a detection with a statistical significance of 7.8 standard deviations (details are presented in [13] ). The average energy spectrum measured by H.E.S.S. between 200 GeV and 2 TeV is well described by a power dN/dE ∝ E −Γ with Γ V HE = 3.44 ± 0.27 stat ± 0.2 sys and an integral flux of , and a steep spectrum Γ x = 2.2 − 2.3. Combining X-ray with Optical-UV data a fit with log-parabolic function locates the synchrotron peak around 0.1 keV (see Fig. 4 for the SED). When corrected for EBL attenuation with a minimal EBL model [14] the VHE spectra smoothly extrapolates down to the Fermi spectrum, confirming previous constrains on the EBL density. The resulting hard intrinsic spectrum (Γ ∼ 1.9), spanning from 0.2 GeV to 2 TeV, challenges simple one-zone SSC models.
AP Lib
The BL Lac type object AP Librae (z = 0.049) was observed with H.E.S.S. for 11 h of live time from May 11, 2010 to July 10, 2010 and was detected with a statistical significance of 7 standard deviations (details can be found in [15] ). The energy spectrum is well described by a power law of index Γ V HE = 2.5 ± 0.2. Following the detection, additional X-ray observations where performed with RXTE and Swift. The joint X-ray spectrum from 0.3 keV to ∼ 12 keV is well described by a power law (P(χ 2 ) = 0.98), a hard photon index of Γ = 1.58 ± 0.06 and a 2 − 10 keV flux of F 2−10 keV = 4.9 +0.8 −0.7 erg cm −2 s −1 . This indicates that the second component of the spectral energy distribution, usually attributed to inverse-Compton radiation, is present at energies as low as 0.3 keV. Fermi/LAT data on the source were taken from 4 August 2008 to 4 September 2010 (25 months). The HE energy spectrum is well described by a power law with spectral index of Γ = 2.1 ± 0.1. No evidence for spectral curvature is found. The integral flux measured with Fermi/LAT between 300 MeV and 300 GeV is F 0.3−300 GeV = (1.9 ± 0.1) × 10 −8 cm −2 s −1 . When fitting the low and the high energy components with a 3rd degree polynomial in νF ν synchrotron and inverse-Compton peak energies are found at E peak s 0.1 eV and E peak IC 10 MeV, respectively. The SED of AP Librae is shown in Fig. 5 . One of the most striking features of the SED, compared to other VHE emitting BL Lacs, is the width of the high-energy component, spanning over 10 decades in spectral shape can be parameterized by dN/dE = ! 0 (E/E 0 ) −" exp(−E/E cut ), with a flux normalization ! 0 = (1.96 ± 0.32) 10 −11 cm −2 s −1 TeV −1 , a spectral index " = 2.05 ± 0.22, a cutoff energy E cut = (3.4 ± 0.6) TeV, and a decorrelation energy E 0 = 2.739 TeV. The equivalent # 2 -value from the forward-folding likelihood method is 16 [16] for details). A total of 2112 excess events (2188 on-events and 838/11 off-events) were detected yielding a significance of 86.5 standard deviations (s.d.). Significant nightly variability has been detected in the data-set. The time averaged energy spectrum is well described by a power law function with exponential cut-off dN/dE = φ 0 (E/E 0 ) −Γ exp(−E/E cut ), with flux normalization φ 0 = (1.96 ± 0.32) 10 −11 cm −2 s −1 TeV −1 , a spectral index Γ = 2.05 ± 0.22, cutoff energy E cut = (3.4 ± 0.6) TeV, and de-correlation energy E 0 = 2.739 TeV (see Fig. 6 ). The last significant energy bin (> 3 s.d.) in the spectrum extends beyond 20 TeV (highest energy observed from this source), making these observations relevant for studies of the density of the mid-infrared of the extragalactic background light (EBL). The measured spectral shape is compatible with previous results, implying a stability of the central engine over the epochs.
M 87: 2010 VHE campaign
The giant radio galaxy M 87 with its proximity (16 Mpc), famous jet, and its very massive black hole (3 − 6 × 10 9 M ) provides a unique laboratory to investigate the origin of VHE γ-ray emission from relativistic outflows and the vicinity of super-massive black holes (SMBH). M 87 has been established as a VHE emitter since 2005 [17, 18] . The VHE emission displays strong variability on time-scales as short as a day [18] . The detection of a VHE outburst contemporaneous with a flare of the radio core, directly imaged by 43 GHz VLBA observations with sub-parsec resolution, lead to the interpretation that the VHE emission is likely generated in the close vicinity of SMBH [7] . To further investigate this exciting possibility, VHE monitoring campaigns on the source have been performed, with the results of the latest one, lead by MAGIC and VERITAS in 2010, being reported in this proceedings. A more complex MWL picture is found, which eludes an easy interpretation. Details can be found in M. Raue et al. in this proceedings.
8. PKS 2155-304: Variability studies and monitoring PKS 2155-304 is a well-known high-frequency-peaked BL Lac object with VHE emission. It displayed an extreme flux outburst in 2006, with variability time-scales down to a few minutes [4] . To further investigate the spectral and temporal variability of the VHE emission in the source a large H.E.S.S. data-set (∼ 90 h), collected between 2005 to 2007, has been analyzed for its timing and spectral properties [19] . The source was found in low flux state from 2005 to 2007 with the exception of a set of exceptional flares occurring in July 2006. The quiescent state can be characterized by a mean flux level of (4.32 ± 0.09 stat ± 0.86 syst ) × 10 −11 cm −2 s −1 above 200 GeV, or approximately 15% of the Crab Nebula, and a power law energy spectrum with photon index of Γ = 3.53 ± 0.06 stat ± 0.10 syst . During the flares doubling timescales of ∼ 2 min are found [4] . The variation of the photon index with flux was investigated over two orders of magnitude in flux, yielding different behavior at low and high fluxes, which is a new phenomenon in the VHE domain for γ-ray emitting blazars. The variability amplitude, characterized by the fractional r.m.s. F var , is strongly energy-dependent (∝ E 0.19±0.01 ). The light curve r.m.s. correlates with the flux. This is the signature of a multiplicative process which can be accounted for as a red noise with a Fourier index of ∼ 2.
To further investigate the long-term variability of the source at VHE (H.E.S.S.), HE (Fermi/LAT), and optical (ATOM, ROTSE), H.E.S.S. is performing a long-term monitoring campaign on PKS 2155-304 in 2010 and 2011 with observations every 2nd night all throughout the H.E.S.S. observability window (June/July to December; gaps due to moonlight).
Conclusion & Outlook
The H.E.S.S. extragalactic science program is still going strong. Exciting discoveries have been made in the past two years (HESS J1943+213 [12] , AP Librae [15] , 1ES 0414+009 [13] , SHBL J001355.9-185406, and 1RXS J101015.9-311909 [20] ). Known sources keep to deliver compelling science [19, 7, 16] .
In 2012 the H.E.S.S. II telescope will start operating extending the H.E.S.S. energy range down to ∼20-30 GeV and increasing the overall sensitivity by a factor ∼2. H.E.S.S. II will enable to extend AGN studies to higher redshifts and to probe the transition region between the Fermi/LAT and the VHE energy range with high sensitivity.
The Cherenkov Telescope Array (CTA) [21] , which is expected to start construction in 2014, will deliver a factor of 10 improvement in sensitivity over current generation instruments and an extended energy range from 20 GeV to ∼100 TeV. Two sites are planned, with the northern side being dedicated to extra-galactic science and low energy thresholds.
